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Purpose: This study aims to investigate whether the administration of salbutamol/budesonide reduced the incidence of myocardial 
injury in thoracic surgery.
Methods: The randomized controlled trial included 298 patients over 45 and at high-risk for cardiovascular complications after 
lobectomy. Patients in the experimental group were treated with salbutamol/budesonide after anesthesia induction with fiberoptic 
bronchoscope. The primary outcome was the incidence rates of myocardial injury, assessed before and three days after the operation. 
The secondary outcome was respiratory function at each time point during the operation, including lung compliance and arterial partial 
pressure of oxygen, postoperative pulmonary and cardiovascular complications, hospital stay, pain score, and analgesic dosage.
Results: In the control group, the incidence of myocardial injury was 57/150 (38%), while that in the experimental group was 33/148 
(22%); compared between the two groups, the difference in the incidence of myocardial injury was statistically significant. The 
dynamic compliance and static compliance at half an hour after the start of surgery in the experimental group were significantly 
improved. Before leaving the operating room, the difference in arterial oxygen partial pressure between the two groups was 
statistically significant.
Conclusion: Intraoperative administration of salbutamol/budesonide reduced the incidence of myocardial injury after thoracic 
surgery, improved lung function, and reduced the incidence of postoperative pulmonary complications.
Keywords: salbutamol/budesonide, myocardial injury, thoracic surgery, cardiovascular risk, hsTnT, prediction model

Introduction
Myocardial injury after non-cardiac surgery (MINS) based on elevated troponin has been identified as the most common 
perioperative cardiac complication. MINS was the leading reason for increased postoperative complications, prolonged 
hospitalization, and major adverse cardiovascular events 30 days after operation.1 Among all patients over 45 who 
accepted in-hospital non-cardiac surgery, approximately 8% of people had significant cardiovascular complications.2,3 

Adverse cardiovascular events include myocardial infarction and asymptomatic myocardial injury within 30 days after 
non-cardiac surgery.4 The largest cohort study of cardiovascular events (VISION) in non-cardiac patients (over 40,000 
patients) showed the incidence rate of MINS after thoracic surgery was 19.8%.5

The mismatch of oxygen supply and demand is considered a potential mechanism of MINS.6 A previous study of 
coronary angiography in patients with perioperative MINS showed that coronary artery demand ischemia was the leading 
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cause, caused by the disequilibrium of myocardial oxygen supply and the increase of oxygen demand during the 
perioperative period.7,8 Surgery increases the release of catecholamine, which increases heart rate and has a negative 
impact on myocardial oxygenation. During one-lung ventilation after thoracotomy (OLV), hypoxic pulmonary vasocon-
striction, pulmonary collapse, and intraoperative pulmonary artery clamping will lead to right ventricular dilatation and 
dysfunction, increase the right ventricular end-diastolic volume, and even cause supraventricular arrhythmia.5 Increased 
pulmonary vascular resistance may give rise to acute cardiovascular changes that may trigger excessive myocardial 
contraction, thereby increasing troponin.9

Salbutamol can bind to β2-adrenergic receptors in airway smooth muscle or directly couple with Gs protein activated 
by receptor and CA2+-activated potassium channel, resulting in cell hyperpolarization to relax airway smooth muscle, 
thereby dilating bronchi and improving lung ventilation. Salbutamol at therapeutic serum concentration has an anti- 
inflammatory effect.10,11 Budesonide can inhibit the release of multiple chemical mediators (such as prostaglandins or 
histamine) to achieve a comprehensive anti-inflammatory effect.12 The combination of salbutamol and budesonide can 
reduce intracellular CA2+ levels to weaken the secretion of elastase, synergistically inhibit the release of IL-8 of smooth 
muscle cells, rapidly reduce airway mucosal edema, enhance bronchiectasis, and regulate immune cell activity.13 

Budesonide is hydrophilic and therefore more soluble in airway mucus and more quickly absorbed by airway tissue 
and systemic circulation.

Patients with severe cardiovascular complications may profit from improving oxygen supply. A review of cardiovas-
cular pathophysiology of patients undergoing lobectomy during perioperative period has shown that intraoperative and 
postoperative inflammation of the heart muscle, and injury of right ventricular function in patients undergoing thoracotomy 
are associated with postoperative troponin elevations.5 Therefore, we infer that the combined use of salbutamol/budesonide 
may improve myocardial oxygen supply through its anti-inflammatory effect and improved lung ventilation, which may 
reduce the risk of myocardial oxygen demand and supply mismatch and reduce the release of biomarkers such as 
postoperative troponin, which may improve early postoperative myocardial injury. An observational study of postoperative 
myocardial injury in high-risk thoracic surgery found that only smoking and type of surgery were independent risk factors 
for myocardial injury. How to predict the myocardial injury after thoracic surgery is unclear.9 In this article, we examined 
the primary hypothesis that the administration of salbutamol/budesonide reduced the incidence of postoperative myocardial 
injury in patients with high risk of cardiovascular complications who underwent lobectomy. In addition, we examined the 
secondary hypothesis that the application of salbutamol/budesonide could improve lung function and reduce the occurrence 
of postoperative pulmonary and cardiovascular complications and the total postoperative hospital stay. We also evaluated 
the effect of salbutamol/budesonide administration on mortality, pain scores, and analgesic dosage, explored the indepen-
dent risk factors that cause MINS, and established a risk prediction model.

Materials and Methods
This prospective, single-blind, single-center, randomized controlled trial was implemented at the Affiliated Hospital of 
Xuzhou Medical University from May 2022 to October 2022. The trial complies with the Declaration of Helsinki, was 
ratified by the Clinical Trials Ethics Committee of the Affiliated Hospital of Xuzhou Medical University (XYFY2022- 
KL126-01), and was registered at the Chinese Clinical Trial (ChiCTR2200059926).

Participants
One day before surgery, researchers evaluated patients who plan to undergo elective thoracoscopic lobectomy, and 
screened qualified patients. All participants got written informed consent before study commencement and give their 
consent to this study. Eligible patients were over 45 and must satisfy at least one of the following criteria: 1. Coronary 
artery disease; 2. Peripheral arterial disease; 3. Stroke OR 4. Any two of the following seven conditions (a-g): a). Over 70 
years old; b). History of congestive heart failure; c). Cerebrovascular diseases; d). Hypertension; e). Diabetes and 
currently taking oral hypoglycemic drugs or insulin; f). smoking; g). Preoperative creatinine >2.0 mg/dl. Patients who 
meet one of the following criteria were excluded: 1. Sepsis; 2. Using inotropic drugs; 3. Severe heart failure; 4. History 
of asthma; 5. History of long-term use of hormone drugs. Patients who met one of the following criteria were eliminated 
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from the trial: 1. Voluntary withdrawal; 2. Operation cancelled; 3. Myocardial injury is caused by non-ischemic causes 
such as pulmonary embolism and myocarditis. 4. Biomarker is not measured once after the operation.

Randomization and Masking
We used stratified randomization and stratified patients according to age factors (45–69 years old, ≧70 years old) and 
smoking or not. Patients were randomly assigned to the experimental group (EG) and the control group (CG) at a ratio of 
1:1 by using a random sequence in each layer. The random allocation sequence was generated by a randomized website 
(https://www.medbox.top/dynamicRand). The block length was 6, and the random sequence was placed in a sealed 
opaque envelope. Researchers in charge of randomization did not participate in postoperative blood collection and 
outcome evaluation. Other researchers took blood samples 1 to 3 days after the operation and followed up by telephone 
30 days after the operation.

Definition
MINS was defined as postoperative troponin elevation due to myocardial ischemia within 30 days after the operation and 
did not require clinical manifestations of myocardial ischemia.14 Based on this definition, the measured increase of 
hsTnT after the operation is defined as >20 to <65 ng/L, and the absolute change is at least 5 ng/L or hsTnT level of at 
least 65 ng/L.15,16 According to VISION, 78% of MINS occur either on the day of surgery or the first day after surgery, 
94% on the second day after surgery, and only 0.6% of MINS can be diagnosed after the third day after surgery.17

Intervention and Observational Index
Details of a standardized anesthetic protocol and intraoperative management can be found in Appendices A–C. When 
salbutamol is used as a preventive medicine, the recommended dose of inhalation is 0.1–0.2 mg, and the dosage of 
budesonide is 0.5–1 mg. Considering that this study included high-risk cardiovascular patients and referring to the 
professional advice of respiratory department and thoracic surgery. We decided that the dosage of the drug was: 
salbutamol 100 μg + budesonide 1 mg. No drug-related adverse reactions were observed in preliminary experiments. 
After induction, during bilateral lung ventilation, the experimental group injected salbutamol 100 μg + budesonide 1 mg 
through the airway with a fiberoptic bronchoscope, while the control group did not receive intervention. We collected 
demographic data and perioperative variables. We also measured blood gas analysis preoperatively (S0) and before the 
patient left the operating room (S5), dynamic lung compliance (Cd), and static lung compliance (Cs) after anesthesia 
induction (S1) and at the end of operation (S4), blood gas analysis and compliance after administration of intervention 
(S2), and half an hour after the start of surgery (S3). The hsTnT, pulmonary complication score, pain score, analgesic 
dosage, drainage tube withdrawal time, and hospitalization time three days after the operation were recorded.

Primary and Secondary Outcomes
The primary outcome was the incidence of MINS. We measured hsTnT on postoperative days 1~3, and the highest 
postoperative measurement allowed the diagnosis of MINS, which was considered to be the occurrence of MINS. MINS 
is not considered to have occurred if the hsTnT increase was due to a number of non-ischemic causes, including 
congestive heart failure, pulmonary embolism, aortic valve disease, and sepsis. Our secondary outcomes were respiratory 
function at each time point during the operation, including lung compliance and arterial partial pressure of oxygen, 
postoperative pulmonary complications and hospital stay, pain score, and analgesic dosage. Our exploratory results 
included reoperation, unplanned ICU admission, and postoperative cardiovascular complications, including heart failure, 
heart infarction, new-onset arrhythmias, massive bleeding, respiratory failure, and mortality at 30 days after the 
operation. Blinded investigators evaluated exploratory results during hospitalization, and postoperative complications 
after discharge were further documented with telephone follow-up on the 30th postoperative day. The definitions of 
outcomes can be found in Appendices D–E.
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Statistical Analysis and Sample Size Calculation
The patients were analyzed by intention-to-treat analysis. Missing data were treated with multiple imputations. The 
Kolmogorov–Smirnov test was used to test whether continuous variables conform to normal distribution. The Levene test 
was used to test whether the population variance is the same. Continuous variables subject to normal distribution were 
presented as mean ± SD. Skewed data were presented as median (IQR). Classification variables were expressed as 
absolute and per cent values. A Student’s t-test was used for data conforming to normal distribution and homogeneity of 
variance, and the non-normal distribution data were tested by Mann–Whitney U-test. The incidence rate of postoperative 
myocardial injury was the Pearson Chi-Square test. Repeated measures of ANOVA was used for other repeated measures 
data such as Cd, Cs.

We also performed a univariate logistic regression to select the risk factors associated with MINS. For all significant 
variables (P<0.05) in the univariate logistic regression model as the independent variable, MINS as the dependent 
variable, multiple regression was performed to determine independent risk factors for MINS in patients. Conduct 
collinearity diagnostic evaluation on all risk factors. The Hosmer-Lemeshow good of fit test assessed the calibration 
of the logistic regression model. We utilized the area under the receiver operating characteristic curve (AUC) to evaluate 
the model’s discriminative performance and capacity for prediction. According to the β-value calculated by the logistic 
model, the value of risk factors was assigned, and the risk prediction model of MINS was established. Potential 
confounders were included in logistic regression analysis as covariates. For our exploratory outcomes, we performed 
Fisher’s exact test. We furthermore performed a sensitivity analysis to evaluate the influence of the baseline covariates on 
the incidence of postoperative myocardial injury. We used SPSS26.0 for data analysis. For all analyses, α=0.05, P-values 
<0.05 were considered to be statistically significant.

According to our preliminary experiment, the incidence of MINS in lobectomy at the Affiliated Hospital of Xuzhou 
Medical University during the past six months was 24.7%. Given that the majority of patients measure hsTnT only on the 
first postoperative day, the incidence of 24.7% may be low, and the sample size was calculated using 27% of the results 
from the previous studies.9 The reduction of 50% was expected to be considered as effective intervention. According to 
the 80% power of the test and 5% significance level, the sample size was calculated according to 1:1 using PASS 
software, and 136 cases were required for each group. Considering the dropping of samples, the increase of 10% for each 
group resulted in 152 cases.

Results
We recruited 308 patients over 45 years old with high-risk of cardiovascular complications who underwent elective 
thoracoscopic lobectomy. A total of 153 patients were randomly assigned to the control group, and 155 patients were 
randomly assigned to the experimental group. In the control group, two patients refused to undergo surgery before 
surgery, and one patient with recurrent cerebral infarction before surgery was excluded from the study. In the experi-
mental group, four patients refused before surgery, two patients changed to thoracotomy, and one patient was excluded 
from the study due to delayed surgery (Figure 1). Thus, 298 patients were involved in the final analysis.

Demographic data, ASA physical status, comorbidities, RCRI, preoperative laboratory parameters, and types of 
surgery between the two groups were similar (Table 1). Analogously, intraoperative features and postoperative features, 
including duration of surgery and one-lung ventilation time, fluid and electrolyte management, anesthesia management, 
vasoactive drug consumption, arterial blood gas analysis, hospital stay, and drainage tube withdrawal time were similar 
(Table 2). Two groups of patients showed differences in preoperative hemoglobin (Figure F4).

The incidence rate of MINS in the control group was 57/150 (38%), while that in the experimental group was 33/148 
(22%). There was a significant difference in the incidence of MINS between the two groups (P=0.03) (Table 3). There 
was no significant difference in preoperative troponin concentration between the EG and CG (P=0.417), and the median 
maximum postoperative troponin was 11.45 ng/L. The difference in troponin on the first postoperative day was 
statistically significant between the EG and CG (P=0.019; Figure F3). During hospitalization, no patient died in the 
first three days after surgery, and no patient developed troponin elevations due to non-ischemic causes.
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The results of repeated measures analysis of variance show that the main effect between the two groups is significant 
(P<0.01). Compared with S1, the Cd and Cs at S3 in the experimental group were significantly improved (P<0.01), and 
the Cd and Cs at S2 were significantly decreased (P<0.05) (Figure 2). The difference in arterial partial pressure of oxygen 

Figure 1 CONSORT flowchart showing the number of patients at each phase of the study.

Table 1 Patient Baseline Characteristics

Index Control Group  
(n = 150)

Experimental Group  
(n = 148)

Age (yr) 68 (62, 73) 66.2 ± 8.9

BMI (kg/m2) 24.5 ± 3.3 24.8 ± 3.1

Sex

Men 77 (51%) 76 (51%)
Women 73 (49%) 72 (49%)

Comorbidities
Hypertension 75 (50%) 73 (49%)

Diabetes 45 (30%) 47 (32%)

Coronary artery disease 44 (29%) 46 (31%)
Peripheral artery disease 6 (4%) 6 (4%)

Cerebrovascular disease 98 (65%) 94 (64%)

Chronic obstructive pulmonary disease 1 (1%) 1 (1%)
Chronic kidney failure 2 (1%) 2 (1%)

Congestive heart failure 0 (0%) 1 (1%)

Smoking 39 (26%) 39 (26%)

Hemoglobin (g/dL) 12.9 ± 1.4 13.3 ± 1.4

(Continued)
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Table 1 (Continued). 

Index Control Group  
(n = 150)

Experimental Group  
(n = 148)

ASA physical status
II 88 (59%) 83 (56%)

III 61 (41%) 65 (44%)

IV 1 (1%) 0 (0%)

RCRI

2 15 (10%) 17 (12%)
3 98 (65%) 100 (68%)

4 35 (23%) 30 (20%)

5 2 (1%) 1 (1%)

ACCI

1 1 (1%) 0 (0%)
2 9 (6%) 3 (2%)

3 55 (37%) 41 (28%)

4 54 (36%) 67 (45%)
5 28 (19%) 34 (23%)

6 3 (2%) 2 (1%)
7 0 (0%) 1 (1%)

Type of Surgery
Pulmonary wedge resection 37 (25%) 38 (27%)

Pulmonary segmentectomy 32 (21%) 34 (23%)

Pulmonary lobectomy 81 (54%) 76 (51%)

Notes: Data are presented as number (%), mean ± SD, median (IQR). 
Abbreviations: BMI, body mass index; ASA physical status, American Society of Anaesthesiologists physical 
status; RCRI, Revised Cardiac Risk Index; ACCI, Age-adjusted Charlson Comorbidity Index; SD, standard 
deviation; IQR, interquartile ranges.

Table 2 Perioperative Variables

Index Control Group  
(n = 150)

Experimental Group  
(n = 148)

P-value

Intraoperative

Duration of anesthesia (min) 135.5 (110, 180) 125 (90, 165) 0.025
Duration of surgery (min) 110 (83.8, 151.2) 107.5 (80, 146) 0.292

One-lung ventilation time (min) 110 (80, 141.3) 100 (70, 133.8) 0.072

Duration of leaving operating room (min) 55 (45, 65) 50 (45, 68.8) 0.982

Fluid management

Blood Loss (mL) 35 (10, 50) 20 (11, 50) 0.003
Blood Transfusion (mL) 7.3 ± 69.6 2.7 ± 32.9 0.570

Crystalloid (mL) 972. 7 ± 275.5 968.9 ± 343.8 0.298

Colloid (mL) 178.3 ± 237.5 196.6 ± 243.9 0.537

Anesthesia management

Remifentanil (mg) 1.9 (1.4, 2.7) 2.1 (1.3, 3.1) 0.676
Propofol (mg) 553.2 (367.5, 720) 515 (340, 687.5) 0.495

Sevoflurane (mL) 16 (10, 23) 17.5 (10, 21) 0.601

Phenylephrine (ug) 320 (116, 560) 180 (40, 515) 0.040
Ephedrine (mg) 1.1 ± 5.1 1.0 ± 3.6 0.335

(Continued)
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at S5 was significant between the two groups (P<0.01) (Figure F5). Hospitalization (P=0.334) and drainage tube 
withdrawal time (P=0.397) were similar between the two groups. Postoperative pulmonary complication scores were 
mostly within the range of 2~4 points.14,15 The score of postoperative pulmonary complications in the experimental 
group was lower than that in the control group, and the difference was statistically significant (P<0.05). The analgesic 
consumption and VAS score of the control group after surgery were more than those of the experimental group (P<0.05) 
(Table 2).

Age, BMI, smoking, and ACCI were significant in univariate logistic regression between the two groups (Table F1). 
Combined with clinical features, preoperative hemoglobin and ASA physical status were decided to be included. The 
variance inflation factor (VIF) between variables was less than 10 after the multi-collinearity test, and no collinearity was 
found for several factors, so all of them were included in the multiple logistic regression with MINS as the dependent 
variable.

Table 2 (Continued). 

Index Control Group  
(n = 150)

Experimental Group  
(n = 148)

P-value

Operative posture
Left 97 (65%) 91 (62%)

0.570

Right 53 (35%) 57 (39%)

Postoperative

Arterial blood gas analysis
PaO2 (mmHg) 181.2 ± 41.7 198.1 ± 19.3 0.001

PaCO2 (mmHg) 41.1 ± 6. 9 40.7 ± 8.5 0.162

Hemoglobin (g/dL) 12.3 ± 1.4 12.5 ± 1.4 0.250
Hospital stay 11 (8, 14) 10 (7.3, 13) 0.334

Respiratory complications score 3 (2, 4) 2 (2, 3) 0.010

Analgesic dosage 73.1 ± 23.4 64 (45.5, 81.3) <0.001
Duration of drainage tube extraction 3 (3, 5) 3 (3, 4) 0.397

Vas score
Postoperative day 1 3 (2, 3) 2 (2, 3) 0.006

Postoperative day 2 2 (2, 3) 2 (1, 3) 0.020

Postoperative day 3 2 (1, 2) 2 (1, 2) 0.292
Postoperative day 4 1 (1, 2) 1 (1, 1) 0.020

Postoperative day 5 1 (0, 1) 1 (0, 1) 0.010

Note: Data are presented as number (%), mean ± SD, median (IQR). 
Abbreviations: Vas score, visual analogue scale score; SD, standard deviation; IQR, interquartile ranges.

Table 3 Primary Outcomes

Baseline Postoperative Day 1 Postoperative Day 2 Postoperative Day 3 MINS

Control group 7.6 (5.4, 11.1) 10.7 (6.5, 15.7) 11.1 (6.5, 18.7) 11.0 (7.3, 22. 7) 57/150 (38%)

Experimental group 7.2 (4.5, 11.1) 8.2 (5.5, 14.3) 10.0 (6.7, 16.5) 11.5 (8.1, 18.1) 33/148 (22%)

P-values 0.417 0.019 0.674 0.979 0.030

N (CG, EG) (150, 148) (148, 145) (146, 145) (149, 146)

Notes: hsTnT are presented as median (IQR), MINS are presented as number (%). The difference of sample size is due to the lack of measurement of hsTnT after operation, 
and the occurrence of myocardial injury on any day within three days after operation is regarded as the occurrence of MINS. 
Abbreviations: CG, Control group; EG, Experimental group; IQR, interquartile ranges.
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Multiple logistic regression showed that the independent risk factors for MINS included ACCI (OR, 2.03; 95% CI, 1.40 
to 2.96; P<0.001), smoking (OR, 3.12; 95% CI, 1.54 to 6.3; P=0.002), age (OR, 12.5; 95% CI, 6.1 to 25.8; P<0.001), BMI 
(OR, 3.12; 95% CI, 3.30 to 15.0; P<0.001), logitP=−3.0+0.71*ACCI+1.19*Smoking+1.95*BMI+2.53*Age (Table F2).

Receiver operating characteristic curve analysis was performed on the predicted values, the AUC = 0.862 (95% CI, 
0.81 to 0.91; P<0.001) (Figure F2). The model was tested by Hosmer-Lemeshow (P=0.680), indicating that the 
regression model had good correction effect. The model can correctly distinguish 82.4% of research subjects, the 
sensitivity is 63.2%, the specificity is 91.5%, the positive predictive value is 77.9%, and the negative predictive value 
is 84.0%.

The 30-day follow-up rate of the control group was 146/150 (97%), while that of the experimental group was 145/148 
(98%). The patients were reexamined 30 days after operation. There was no difference between hospitalization and 30- 
day follow-up. There was no death within 30 days after operation between the EG and CG, and there was no difference in 
the incidence of adverse events between the EG and CG (Table 4). Due to the small number of exploratory events, we did 
not carry out univariate or multiple regression models.

The level of significance of subgroup analysis was chosen using the Bonferroni correction for multiple testing at 0.05/ 
24 = 0.0021 due to the 24 subgroup analysis. No significant difference in the MINS could be detected between the two 
randomized groups, indicating that it may be due to chance. In subgroup analysis, we found that salbutamol/budesonide 

Figure 2 Effect of salbutamol/budesonide on lung compliance. 
Notes: Data are presented as mean (SD). (a) Effect of salbutamol/budesonide on dynamic lung compliance. (b) Effect of salbutamol/budesonide on static lung compliance. 
The P-value on the coordinate indicates the experimental group, and the P-value under the coordinates indicates the control group. All P-values are for repeated measures 
analysis of variance, *P<0.05, **P<0.01 vs time S1 of the same group. 
Abbreviations: Cd, dynamic lung compliance; Cs, static lung compliance; S1, after tracheal intubation; S2, after intervention; S3, 30 mins after the start of the surgery; S4, at 
the end of the surgery; S5, leave the operating room; SD, standard deviation.

Table 4 Exploratory Outcomes

Index Control Group Experimental Group P-value

Complication within hospitalization
Reoperation 5 (3%) 3 (2%) 0.485

Atrial fibrillation 9 (6%) 6 (4%) 0.442

Cardiac failure 2 (1%) 1 (1%) 0.570
Unplanned ICU admission 5 (3%) 3 (2%) 0.485

Respiratory failure 6 (4%) 4 (3%) 0.534

Bleeding 4 (3%) 2 (1%) 0.419
Death on day 30 0 (0%) 0 (0%) -

Notes: Data are presented as number (%). The difference of sample size is due to the patient’s lost follow-up.
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intervention can improve MINS in different types of surgery. The elaborate results of subgroup analysis and sensitivity 
analysis are presented in Table F3, Figure F1.

Discussion
Few studies have explored the intraoperative management and intervention of MINS, but intensive monitoring and early 
intervention for such patients are necessary. The evidence to guide clinicians in managing MINS is currently limited to 
observational studies. A meta-analysis of 287 studies showed that acetylsalicylic acid anticoagulation reduces cardio-
vascular events in high-risk patients.16 Statin also plays an important role in preventing primary cardiovascular events 
and improving mortality.17

Previous studies have shown that salbutamol/budesonide can significantly improve lung ventilation and has 
a protective effect on asthmatic and exercise-induced bronchoconstriction.18 The effect of combined use of the two to 
improve the clinical status and cardiopulmonary function of patients is significantly more than the effect of treatment 
alone.11,19 The results of our study showed that perioperative administration of salbutamol/budesonide reduced the 
incidence of MINS. HsTnT concentrations showed a difference between the two groups on the first postoperative day, 
probably because the beneficial effects of salbutamol/budesonide persisted on the first postoperative day. We control the 
intraoperative blood pressure to keep it at 20% of the basic value, in contrast to the lack of control of postoperative blood 
pressure management. The lack of control of postoperative blood pressure management may cause patients to experience 
long-term hypotension or hypertension in the ward.20 The occurrence of MINS in patients undergoing lobectomy during 
and after surgery may also be regulated by mechanisms other than myocardial ischemia (eg, inflammatory stress in the 
superficial layers of the myocardium or increased right ventricular afterload).9 Inflammatory stress may be another 
critical substrate for hsTnT formation and release, especially during surgery. We did not assess the correlation between 
postoperative blood pressure and inflammation and postoperative hsTnT release. Therefore, we cannot rule out that these 
influenced our results.2

We collected the arterial blood gas of patients at various time points during the operation, and the results showed that 
the patients in the experimental group had a higher partial pressure of arterial oxygen before leaving the operating room 
than those in the control group. We speculate that this is due to the improvement of lung ventilation by salbutamol and 
budesonide. High-inspired oxygen concentration is a simple way to improve arterial partial pressure of oxygen. However, 
studies have shown that high-inspired oxygen concentrations have a detrimental effect. A large retrospective analysis of 
73,000 patients found high FiO2 was dose-dependent, accompanied by severe respiratory complications and 30-day 
mortality.21,22 A recent meta-analysis involving more than 16,000 patients showed that oxygen therapy for free increases 
mortality.23 Compared with our research, the most important differences between these studies are the study population, 
study method, and improved ventilatory time point. We administered salbutamol/budesonide to improve ventilation 
immediately after intubation, just before the oxygen mismatch occurred. This may be one of the reasons why drug 
intervention has different effects from increasing oxygen concentration. Therefore, we still believe that the administration 
of salbutamol/budesonide can improve pulmonary ventilation, thus affecting myocardial oxygen supply and continuously 
affecting postoperative troponin.

We also evaluated the effects of salbutamol/budesonide on pulmonary function and postoperative pulmonary 
complications, with the experimental group showing an improvement in pulmonary function in the first half hour after 
the start of surgery compared to pre-surgery, with little difference at the end of surgery compared to pre-surgery. 
Salbutamol takes effect 1 ~ 5 minutes after inhalation and reaches its peak at one hour. The peak value was reached 30 
minutes after inhalation of 1 mg budesonide. Due to the changes in posture, tracheal traction during surgery, and catheter 
blockage by sputum, the effect of drugs on lung function cannot be accurately reflected during the operation. The 
postoperative pulmonary complication score of the experimental group was 2~3 points lower than that of the control 
group. The MANDALA study demonstrating that salbutamol/budesonide can help control bronchoconstriction and slow 
airway inflammation.24 A randomized controlled trial showed the use of ICS plus β2 receptor agonists to reduce 
persistent cough after lobectomy.12 The potential mechanism may be the comprehensive anti-inflammatory effect of 
corticosteroids. The use of salbutamol/budesonide is further evidence of its utility in improving pulmonary complications 
after thoracic surgery. A recent study has shown a significant correlation between acute post-operative pain and the 
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incidence of MINS. In particular, a high pain score in the first three days post-operatively significantly increases the risk 
of myocardial ischemia.25 In our study, an intercostal nerve block and patient-controlled analgesia pump were used for 
the postoperative analgesia of our patient. We observed that patients in the experimental group had lower postoperative 
pain scores and analgesic dosage than those in the control group. However, follow-up treatment was decided by the 
surgeon after his return to the ward, and the surgeon was usually busy with the operation. The analgesics of the analgesic 
pump covered up symptoms of cardiac complications such as chest pain, and most patients were examined only at 3~4 
weeks of follow-up.26 Therefore, we cannot rule out the possibility that postoperative pain management may influence 
our results.

40% of our patients were over the age of 70 years, and almost all of them had a history of pre-operative 
hypertension or coronary artery disease. This explains our high MINS rate. It is well known that the thoracic surgery 
population is aging. Ageing leads to pulmonary arteriosclerosis, which may decrease pulmonary vascular flow 
reserve. At the same time, age-related myocardial remodelling and downregulation of myocardial catecholamine 
receptors lead to decreased myocardial contractility.27,28 In a cohort study of elevated troponin levels after colorectal 
surgery, almost all of the patients who died were older than 70 years.29 A cohort study of 15,065 patients 
recommended an age greater than 75 years as an independent predictor of 30-day mortality in patients with 
MINS.30,31 Bae et al reported that the duration of surgery strongly predicts the development of postoperative 
MINS in patients undergoing non-cardiac surgery.32 The duration of surgery in the two groups was similar, but the 
control group had longer duration of anesthesia and more blood loss. Basically, the extension of the anesthesia time 
reflects the complexity of the operation, and the anesthesia time is longer in patients, the intraoperative bleeding 
incidence is higher. Bleeding is the leading risk factor of myocardial injury.17 The severity of anemia is related to the 
MINS, and the incidence of MINS increases with further decreases in oxygen-carrying capacity.33,34 In our multiple 
regression analysis, preoperative hemoglobin did not affect our results. However, it is vital to avoid preoperative 
anemia during perioperative anesthesia management in our patients, and the effect of correcting anemia before 
operation still needs to be investigated.

Our multiple regression analysis showed that overweight and even obese people had a higher incidence of post-
operative MINS than those with normal body mass index. A recent study showed that underweight and obesity were 
positively related to mortality, which persisted during long-term follow-up,35 consistent with the results in our article. 
Interestingly, this difference in mortality only differed between the one-year groups, whereas the 30-day mortality results 
did not differ.31,36 We also found that smoking was an independent risk factor for MINS. In an observational study, 
smoking has been shown to be associated with MINS in patients undergoing thoracic surgery.9 This finding is important 
because smoking is the only modifiable pre-operative risk factor for the prevention of MINS. In an analysis of predictors 
of adverse events up to 30 days after non-cardiac surgery, the low-risk RCRI (one variable) underestimated the incidence 
of MINS and mortality rate, and the National Surgical Quality Improvement Program (NSQIP) proved to be less relevant 
to MINS.4,37 We collected the ACCI and RCRI scores of patients before the operation, and the results showed that the 
ACCI was positively correlated with the risk of MINS, and the higher the ACCI score, the greater the risk of MINS. 
However, our sample size was not large enough, and the ACCI needed to be combined with other predictive tools and 
biomarkers to predict MINS accurately.

Although a large number of articles have conducted in-depth research on MINS, the intraoperative management and 
intervention of MINS are still not completely clear. Our research provides a simple and repeatable method to help 
anesthesiologists manage MINS during operation. Our findings provide a valuable overview of the peri-operative effects 
of salbutamol/budesonide on non-cardiac surgery and may serve as a foundation for further research in the future. 
However, our study has several limitations. Firstly, it is a single-center study for high-risk cardiovascular patients and 
probably does not represent the general population of thoracotomy. Secondly, we measured troponin only 3 days before 
surgery. Although more than 90% of MINS occur within 3 days after surgery,34 we may still ignore possible myocardial 
injury 3 days after surgery. We have not measured inflammatory factors, so we cannot judge whether the anti- 
inflammatory mechanism has improved the incidence of myocardial injury. Although our study showed a high incidence 
of MINS, the 30-day mortality rate in patients with MINS was 0%, and we could not assess the significance between 
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mortality and MINS. Therefore, a longer follow-up was required to determine whether the mortality rate was related to 
the use of salbutamol/budesonide.

Conclusion
In summary, intraoperative administration of salbutamol/budesonide reduced the incidence of myocardial injury after 
thoracic surgery, improved lung function to a certain extent, and reduced the incidence of postoperative pulmonary 
complications. Therefore, the administration of salbutamol/budesonide can improve postoperative myocardial injury in 
thoracic patients at risk for cardiovascular complications.
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